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ABSTRACT 


Mi-memvalcatOrs Staff Student Ratic, Cost fer 
Student per Unit Time, and Ccst per Graduate are 
discussed with emphasis cn the analysis of their 
properties for the use as indicators for CNET to 
monitcr eéfficiency of the training establishment bcth 
cverall, and at different levels. The arguments show 
that the cost per graduate is the most appropriate 
indicator for a single course. Methods are derived to 
deterrine appropriate methods of aggregation for 
multiple ccurses. The derived indicators nave the 
nathematical forn of the Laspeyres and Paasch 
indicators, used in economic theory for the cost of 
living irdex. They are applied te 60 ccurses of SSC 
San Diego and ccmpared to indicators determined by 
linear regression based on the same data set. The 
indicators are also applied fcr different groupings of 
COULSES, and different accounting systems. The 
resulting values of the indicators are helpful te 
locate the area of interest and detaii for further 


decisicn making. 
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The purpose of this thesis is to propose and analyze 
certain indicators of education and training efficiency for 
the Chief cf Naval Education and Training (CNET). CNET is 
seeking a set of indicators that will enable them to 

-monitcr the efficiency of the training establishment 
bketween given time periods, 
=monitor the efficiency at various levels of 
aggregaticn such as 
-all activities of CNET, 
—daiiecOurSes Of an activity, 
-~all courses belonging to a defined group, such as 
A schccols or C schools, 
~all courses with commcn features such aS ccurse 
lencth etc. 
The term efficiency is defined by CNET in the followina way: 
Efficiency 1s the achievement of a given training 
prodrct at the Minimum expenditure of total training 


crescurces Within operational constraints. 


It is net the purpose of this thesis to propose methods 
of measuring educational output or effectiveness of trained 
people on the jok. These very important and difficult areas 
are beyond the score of this work. Ratner, we take the 
Output cf a trained person to be a constant, and develop 
indicatecrs tc measure how efficiently CNET is producing this 
given output in a given time period relative to previous 
time pericds. Thus there is no attempt to measure an 
absolute level or magnitude of efficiency. The desired 
indicators are limited to measure changes in the 


corresponding magnitudes of resources from one time feriod 





to the next. 


In chapter 2 the indicators Student Staff Ratic, Cost 
per Student per Unit Time, and Cost per Graduate are 
dicussed for a Single course, emphasizing the analysis of 
their properties. The arguments conclude that the Cost per 
Graduate is the preferred measure of efficiency. This 


measure is then developed for use with multifle courses. 


In chapter 3 the cost per graduate indicators are 
applied to data collected from SSC San Diego and compared to 
a Statistical appfroach. Chapter 4 gives a discription of 
the accounting system used in the cost report [2,3], from 
which the data was obtained. Enecnapcer -5 the tinal 
conclusicns and summary are made that the derived indicators 
fulfill the purpeses of CNET. In appendix A the detailed 
listings, flets, and analysis of the data are given. 





IT. THEORETICAL APPROACH 


EE TE? BSA eS a a ae eee 


Bee SLNGLE CCUASE 


We begin the development of indicators by looking ata 
single ccurse, and investigate three measures of efficiency 
in light cf the objectives of CNET. These are: 

Staff Student Ratio, 
Cost Per Student Week, 
Cost per Graduate. 
Our arguments conclude that only the last one is usable as a 


measure cf efficiency. 


1. Staffi Student Ratio 


Cne rescurceée in education and training is the active staft. 


A ccmmcn measure in educational instituitions is the ratio 


number of staff 
nump*r ort students 


called the Staff Student Ratio. 


An increase of the ratio indicates fcr a fixed starf 
input that fewer students have been trained in a given 
period, and this is usually taken to reflect a decrease in 
resource utilization. On the other hand a decrease of the 
Catio is usually taken to reflect an improvement of 


ier zZaticn cf the same staff. 


In many civilian instituitions such as universities, 


colleges, purlic schools, etc. the teaching fotential is a 





MajOr input and the Staff Student Ratio in successive time 
periods is often used as an overall efficiency indicator. 
However modern education and training methodologies and 
technigues, especially those used in Navy technical 
training, often substitute computers or other aids to 
instructicn. These can lesad to an increase in overall 
efficiency, tut also increase the Staff Student Ratio at the 


same time. Ccnsider the folicwing two situations: 


Situation A. The required course opjectives can be 
achieved Ly using the normal lecture type process under the 
follcwing ccnditicns: one stafr member can instruct thirty 


students in two weeks with no technical support. 


Rith the growing use of selfpaced, individualized 
cogjputer aided methods, a 50% reduction in course length 
Bight be pecssibie. Thus let us assume that by intrceducing 


new technclogy we have 


Sitiation B. Two staff members can instruct thirty 
students in cne week using thirty computer terminals. 
The Staff Student Ratios for situation A and B are 1/30 and 


1/15 respectively, indicating a 50% decrease in efficiency. 


Hewever, let us take a more careful look. Assume 
that a starf member is paid $300 per week, and a student 
$200 per week. In situation A, if all students successfully 
complete the course in two weeks then the cost per graduate 

will be 
[{ (200 * 2 * 30) + 2 * 300} f 30 = $420. 

In situaticn B it 1s easy to see that if the computer 
costs are less than $200 per week the cost per graduate will 
be less than $420. Clearly the Staff Student Ratio gives 
grisleading results caused by a basic change in the 


technolcgy of teaching. 
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The next indicator investigated is the Cost per 
Student fer Unit Time. Although not as widely used as the 
Staff Student Ratic it still finds acceptance as a measure 


of educaticn and training efficiency. 


Let us consider our two situatuions again and assume 


the follcwing parameters: 


Situation A: Sitdatron Bb: 
staff 3C0$/man week Sted Li 300S$/yman week 
Student 2CO$/man week Student 200$/man week 
Technical Technical | 
SuUEpOLt ncne SPO be 100$yman week. 

The ccst per student week under situation A is 


$210, and under B is $320, whereas the cost fer graduate is 
$420 and $220 respectively. Thus the Cost per Student per 


Unit Time indicator also gives misleading results. 
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The training and education process ina given course 


Samebpe thcught of aS in Pig 2. 


Education 


Input Cat rut 


oe 
Process 





Figure 1 - The Input Output Process 
The rescurces enter the process and preduce a certain 
output. The preferred measure of efficiency is rescurces 
divided Ey output. The total resources are usually measured 
in dollars. The output 1s more difficult to measure in 
educational systems. Recall that we assumed that quality of 
output remains constant. Let us define the output in a given 
time period to be 
Total man months trained 

> Course length 

and call this the total number of graduates produced in a 
given period. The reader should realize that this number 
May not agree with the number who formally graduate due to 
Missmatches cf the course timing and the acccunting period. 
However, the term graduates used here does measure the 
output cf the education process. It follows that the 
apprcpriate measure to use for a single course is the cost 
per graduate. In the remainder of this thesis the tern 


graduate will be used in the sense of equation (1). 
Let c(t) be the cost of tresources necessary to 


prcduce cne graduate in time period t, called the ccst per 


Graduate. A useful measure is one which compares efficiency 
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in two successive time periods. Therefore let us take the 
ratio between the costs per graduate of the time periods. 
The indicator has the forn 
(2) Geib = c(t) 7 c(t-1), 
where the period t-1 1s used as base. The indicator 
reflects mainly three situations: 
myc (t) > c(t-T) Coen k4{t=—,t) > 1 indicating that 

the efficiency decreased since the cost 

per graduate grew. 
meeeG it) = c (t-1) then I(t-1,t) = 1 indicating that 

the efficiency is unchanged. 
mmeeecit) < c({t-~1) then I(t-1,t) < 1 indicating an 

increase in efficiency since the ccst 

per graduate decreased. 
Thus the cost per graduate ratio reflects the changes of 
efficiency in the correct way. All resources can be 
included if they are representable in cost units. It is 
invariant to unit changes since those would be applied to 
numerator and denominator and cancel out in the divisicn. It 
has the time reversal property 

(t=1,t) m= 1/7 I(t,t-1), 

that is kEy changing the base period, one indicator is rerely 
PeemwEccierocal of the other. For example, if I(t-1,t) = 0.8, 
then I(t,t-1) = 1.25, which shows that if the cost per 
Geaaidte in period t was 80% of that in t-1, then in t-1 1t 
was 125% cf what it was in period t. Changes in efficiency 
as Shown by the example should be easily understocd and 
meaningful tc people not familiar with the development of 


the indicatcr. 


Deo ULEITELE CCURSES 


After developing the cost per graduate ratio as an 


indicator fcr a single course the problem now is how to 
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combine these indicators to obtain a meaningful indicator 
reflecting efficiency changes in a group of courses. In what 
fcllows the set A represents a group of n (21) courses. Two 


approaches are discussed. In the following &% means 2: 
We 


First, let I. (t-1,t) = c(t) / c. (t-1) be the indicator 
i iL i 


for the single course 1 as in equation (2). Let w. bea 


a 
weight attacked to course i, and define 
(3) E(t-1,t) = 2.1 (t-1,t) 
aL i 
where iw = 1, w 20. We call this the weighted average 
zi al 


aeproach. 


For the second approach let x (t) be the number of 
a 
graduates fircem course 1 in period t. The tctal cost cf the 
@eempein fericd t is 2c (t)x,(t). Let ¢ be a weight 
a vt 


ale 


associated with the graduates of course i wnich reflects 


differences in graduates from different courses. The total 


number cf "equivalent" graduates in period t is 2x (t)e. 
i sh 


Meee c(t) = 2c (t)x (t)/ex (tje , the cost per 
I st aL 1 
equivalent graduate in period t. Then let the efficiéncy 


indicatcr bee the ratio 
ee lee) ee et) 7 Cc (t— 1). 
we call this the eguivalent graduate approach. 


Tke simplest form of weighted average is to take the 


arithmetic mean. Recall that n is the number of elements in 





A and set w = 1/n for all 1. Then 
x 


ieee ni7m 22 9c (t)/c (t-1) - 
al ak 


The courses might be of equal importance to the Navy, but 
May not be equal in their utilization of resources. Thus 
they shculd influence the efficiency dirferentiy. The 
fcllowing eéxample will demonstrate this. Consider two 
courses i= 1,2 for periods t-1 and t, and assume the 


parameters fcr 


pericd t-1 period t 

ae!) = 100 rue) = 100 $/grad 
= ae = 10 ae! = 10 grad 

<, loa = 1200 orc) = 1000 $/grad 


= (t-1 15 otc) 12 grad 
5 ) 5 g 


The resulting overall indicator is 

Meee, t) = 1/2f (190/100) +(1000/1200) ] = 1/zj1+.833] = .917 

Since tke tse of resources shown py the ccst per graduate 
of course 2 is almost ten times that of ccurse 1 the change 
in effiency cf course 2 is expected to contribute more to 
the overall efficiency than an equal share. Our inttitive 
expectaticn akcut the overall indicator would be 

(ie tO) eee 3S) 7 11 = 2.85. 
Thus let us construct other weights which agree more 


G@esely with our intuition. 


Cne way to weight the courses is to take their 
amcunt of output into consideration and relate it tc the 
Meradt COUITSe group output, that is let 

a= X(t) / 2.x. (t) 
1 Si al 
where 2iw = 1, w 20. Thus 
a a | 
ieee eMigcm(e)a(t)/c (t-1) ) 7 2x. (t)- 
z at i i 
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Applying tke numeric example yields 
fect, t)) = (10 + 10) /22 = .909, 

which is a smali improvement towards our intuitive 
expectaticn. We fcllow this line and take beth the cost per 
graduate and the amount of output of the correspcending 
course intc consideration. Let us use the relaticn cf the 
total expenditures for course 1 to the total expenditures 
moeetene wocle group in period t~-1. Then 
w= Cc West) es oN) Ee ({t- Tse (t-1) 
a a 
where 2H et uy 20 Using these weights 


(4) I(t-1,t) = 2c (t)x (t-1)/Xc (t-1)x. (t-1). 
ale Bi nl at 


Applying cur numeric example the overall efficiency change 
would be 
I(t-1,t) = (1000 + 15000)7(1000 + 14400) = .842 


Which is clese to our intuitive value. 


Tke indicator in equation (4) has a mathematical 
form comucnly found in economic theory. There it is kncwn as 
the Laspeyres indicator and is used in the ccmputation (see 
Wald{[5]) cr approximation ( see Allen{1j) cf the cost of 
ieving indicator. The properties of the cost of living 
index aré sinilar to those properties desired for a CNET 


marcator. 


Relating the economic interpretation cf the 
indicator tc the training and educaticn situation the 
Laspeyres indicator reflects the relation between the total 
expenditures for the base period, here t-1, and the total 
expenditures which would nave been caused by producing the 


Gmeput Of period (t-13) in period t at period t costs, c (t). 


Frem this interpretation another fora of an 
indicator ccmes to mind, one which relates the expenditures 


caused when preducing the output of the current jpericd at 
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Meet peLiodsS prices. This indicator is known in eccnomic 
theory as tke Paasch indicator 
(5) mtetyo— 25c (t)x (t) /2.c (t-1)x (t). 

aL 2 i a: 


It is alsc used for the determination or arproximaticn of 
the cost cf living indicator ( see Wald{5], and Allenf{1 ]). 
Tc derive this form of the indicator the weights nave to be 


WomCe(tol)xe(t)/ 2-c (t-1)x (t) 
ok ali 1 aE a 


where again @w = 1, w. 20. The numeric example would 
i ot 


yield an cverall efficiency indicator of 


I(t-1,t) = (1000 + 14400)7(1000 + 12000) = .844 


also clcse to the intuitive value. 
2. Equivalent Graduates Approaca 


Until now the numbers of graduates of different 
ccurses were used in an egual fashion. But the question 
arises does the change in the number of graduates from one 
course catse the same effects as an equal change in the 
number of graduates from another course. To overcome this 
problem let ts relate all course graduates tc a commcn unit 


and detérpine their equivalence factors e . The total costs 
ab 


of the course~group could be related to the sun oPs 


equivalent graduates and the form of the indicator fcr the 
Single course could be applied correspondingly to the group. 
When 
(6) teem c (tix eit) / ¢€.e x {(t) then 

a 1 a? 2 


I(t-1,t) = c(t) /c(t~-1) . 
The prcblem is to find meaningful expressions fcr the 


equivalence factors e. 
i 
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Cne way is to relate courses by their cost per 


graduate, that is let e, = c, (t-1). The overall efficiency 
1 5h 
indicator wilt be then 
Mmcme(t) cc (t-1)x (t-1) ] 
I(t-1,t) oo 
4 rhc (t-1)x (t) Lc. (t-1)x. (t-1)] 
2 1 . su i 
SNC MN Cy a(t) y/ 2.c (t-1)x (t), 
i i be a 


which is eguivalent to equation (5), the Paasch indicator. 


Thus setting e = c (t-1) in (6) is equivalent to setting 
at st. 


Mo fe (tye {t-1) ] 7 (x, (t)c, (t-1) ] 
i 51, a 3h i 


in eguation (3). 


If we let € = c (t) then 
1 Bi 


iio = (esc (tyx (t-1) } 7 [ 2c, (t-1) x, (t-1) ] 
au, mo ae 1 


which is equivalent to eguation (4), the Lasfpeyres 
indicator. In relating this equation to (3) we obtain 
[x (t)¢ (t-1) Hc (t)x, (t-1) J 
ci a 2 ak 





Pee tc (tyesc (t—-1)x (t=1) ] 
Ae ae aE a 


Note that in this case Bw # 1. 
i 


The indicators in both equations (4) and (5) are 
easily ccmputable and understood, and both have desirable 
preperties. For a detailed discription of these indicators 
see Allenj1] and Fisher[4]}. 
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Pornetaaicatcrs play a central role in the remainder of this 
thesis, and we use the following notaticn 


[2c (t) x. (t-1) ] 
bo ge 


i 
eed 


Ec 1,t) 
ese mic Wx {t- 1) ] 
Sal ale 
and 
etic (tc) xe (t) | 
1 1 


Ct st*~=<“‘=‘“‘“;}3HThCtStStCtCC 
. a (peer ta) (t) 4 
ne dh. 
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In this chapter data of sixty different courses at the 
activity SSC San Diego are analysed. They are taken from 
the annual cummulative cost reports {3,4]. The data were 
collected during the time periods of 1974 and 1975, and are 
[eeeed cartially in Fig 2, and in appendix A. The data 
are groured into the main group of all sixty courses and the 
two SUEQGIrOUFS of thirtynine C-schools, and thirteen 
A-schools. Fcr each group an anlysis is done with regard to 
the 


Beas ccst per graduate which includes all costs of 


rescurces which are considered to determine the total 
Operating budget of a course. 
Direct ccst per graduate which includes only costs 


acccunted to the direct course and the correspending 
overtead share. 
Indirect cost per graduate the difference between the 
twc above including resources like heosfital, housing, 
student salaries, etc. 

More details akout the different costs are given in the next 


chapter. 


Applying the cost indicators derived in the last chapter 
to the data listed in Fig 2 the following resuits are 
determined. The single course indicators are given in the 
last column of Fig 2, their arithmetic mean yields 1.167 
which is, as expected, much higher than the 
Laspeyres indicator L = 1.081, and the 
eo to: 


Paasch indicatcr P 
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The square rect or F*L is an indicator which has the tine 
reversal preperty { see Allen [1]), V P¥*L = 1.047. 


This irdicates an increase in costs of about 5% from 
period 1974 tc period 1975. 


In Fig 3 the sixty pairs of sample cbkhservaticns on 
the total ccst per graduate [c(74),(75) ] are represented on 


a scatter diagram. Assuming the c (74) as fixed and the 
a 
© (75) as crandom variables a reasonable statistical model 
a 


would be 
Cmigoje= det OG (74) + u , 
2 ak aI, 


where -a and b are parameters which have to be estimated 


based on the data, and u. are error terms, which are assuned 
1 


to be multivariate normally distributed with mean zero, 
Variance vy and covariance zero. 

Using the theory of simple linear regression the 
estimates for the farameters based on the data given in 


Fig 2 are, for the intercept and the slore: 
Ameen o2eoo, and b's= 1.083. 


2 
The rc value is 0.924 and indicates a very high correlation 


between the 74 and 75 data. 


Due to the assumption about the u's the estimates a',b' 
ah 


as functicnos cf u| are also normaliy distributed and we can 
a 
do a hypcthesis testing on a and b as follows. Denote Ey c74u 
the nean value EC ed) ya, and by i the level of 
i 


Significance. Then the 100(1-1) per cent confidence 


intervals for a and b respectively are 


Za 





2 2 
ati+t  _(vtW Se (74)°) 7 Vn S(c. (74)-c74), 
ae 


NZ ak 
and 
\/ ae 2 
Be + t vi / Dec (74)>c/4) , 
i 2 1 
where ea : is the corresponding value of the Student t 
/ 


distribution. For testing the joint hypothesis a=0 and b=1, 


the F value is determined and compared tc the tackle value 


for the ccrresponding 1 level and degrees of freedon. 


Applying this to the data of Fig. z, the confidence 
intervals for the intercept a and slope b with 1 = 10% are 
-151.61 < a < 256.80, 
and 
feO16 “<< Db < Ted. 
The F value = 5.71. 


The single hypothesis a=0 is accepted, since zero is in 
the interval. The single hypothesis b =1 is rejected, since 
it is outside the confidence interval. The joint test a=0, 
and b=1 is alsc rejected since the F value is greater than 


the ccrrespending taktle value F (20) = 2.39. 
(2,58) 


Taking the tested hypothesis into consideration, the 
line 
eft?) = b* ¢ (74) 
1 i 


yields a gocd approximation to our data for c (75), and the 
a 


indicator derived from this model would be 
jmgueaie-me' (7 S)/e(74) = bY = 1,083, 
which is egual to the value determined by the Laspeyres 


moeicator. 
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Since tke most data pairs are squeezed in at the Eotton 
end of the scale, they were also ploted on semi log scaling 


as shown in Fig 4 to investigate the model 


log({c (75)) = a +b log(c. (74)) 
a al 


The simple linear regression yields 
a'=0.693 and b'=0.921, 


the value of cr = .866 indicates a good correlation, thus 


the model 

~921 

G'™(75) = 2 ¢. (74) 
1 a 


is a gocd fit for the data. 


The values expected ror a' should Ee about Zero. 
Therefore let us force a to be zero and investigate the 
nodel 

log c(75) = b log c(74). 

The regressicn determines b' = 1.014 in this case, a value 
Which 1S egual to that given by the Paasch indicator. The 
corresponding curve is drawn in Fig. 3, at it's lower value 
part it is almost linear and bends slowly at very high 
values of c(7&). 


Thus in the value range of our investigation the linear 


 mcdel 1s a gcod approximation and is used for the 


Statistical approach to determine b‘ as the cost efficiency 


indicator between the corresponding time periods. 
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In appendix A the reader can find the detailed listings, 
Ficts, and regression values for the three groups with 
regard to tctal-, direct-, and indirect cost per gracuate. 
In Fig.5 a summary is given where + means acceptance cf the 


hypothesis, and - means rejection. 


DATA ANALYSIS SUMMARY 


ALL COURSES Cx SCHEOLS A SCHOOLS 


mGiAbeORECT ENDRE TOPAL DRECT INDRT TOTAL DEECT INDRT 
Paasch 1.014 1.146 0.968 1.290 1.498 1.192 0.860 0.932 0.839 


Laspeyres 1.081 1.303 1.004 1.409 1.725 1.256 0.882 0.994 0.849 


V E*L = ieOuGM oD 2omS86 1.348 1.608 1.228 0.871 0.963 0.844 
a? eeege ia. 460915.8 325.8 176.2 199.5 424.3 114.6 264.6 
b? WmOeed65 0L056°1.003 1.017 6.5651 0.717 0.807 0.717 


Boeeract. 9.924 90.806 0.936 0.822 0.686 0.834 0.664 0.677 0.625 


H:a=0 * + + ~ - - + + 

Hs k=1 ~ = + + + + = + 

H:a=0,b=1 - ~ “ - - - - + 
Figure 5 
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IV. ACCOUNTING SYSTEM 


The values computed for the indicators with regard te 
the total-, direct-, and indirect cost fer graduate among 
the group cf ali sixty courses or the subgroups of 
A-schools, and C-schools vary remarkably, indicating cost 
increases aS well as decreases. Therefore let us take a 


clcse lock at the costs and the way they are determined. 


The data used in Chapter 3 are taken from the the school 
cost repert{2,3]. The total cost per graduate for a single 
course is determined by the sum of the direct cost per 
graduate and the indirect cost per graduate, and thus 
includes all resources listed in that report. The direct 


cost is aggregated from the following single resource cost: 


Resource name Abreviation 

Direct ccurseé costs NameDirc 

Ccamand level cverhead C/A 
Division level overhead Div 

Group level cverhead Group 
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The indirect cost includes the following resource costs: 


Resource name Abreviation 
CNET share CNNT 

Host activity Host 
Hospital HOSE 

Fasily housing Fan 
Eguipment depreciation Bq.Dep. 
Mermvitcy staff travel Act. ctin LL Vv. 
Student travel Siu. 
Student salaries Stu. Sai. 


The ccst of resource is skroken into the 


1p 
Is 
IS 
IQ 
Vs 
1H) 


fcllowing categories 


military labor ML 
Givilian labor CL 
suprly ccsts Sc 
Semceract costs ec 


miscellaneous costs MC 


The listing and summation for a single course 1s 
illustrated by the following example. Data are taken fron 
the Dive Seccnd school in 1974. The horizcntal summation 
yields the resource subtotal, the vertical summation yields 
MeencOst factor sucttotal for the direct cost level, which 


Summed hcrizcntally yield the course direct cost. 


Zo 








Course Name: ML EL SC GE MC Total 


Dive Se Dr eae 325 4038 37625 
cy, 36967 2395 1429 881 1091 42763 
Div 4173-1081 10 234 5498 
Group 125272 503 881 126656 





Detect Ccst 166412 3476 35304 1705 6244 212542 
per grad. 1076.4 
CNNT 2341 2176 4517 
Host 39337 36249 755 86 
HOSp 1900 700 2600 
Fan 200 200 
Eg.Dep 800 800 
Sstu.ITrv. 300 300 
Stu.Sal 100500 100500 


moagarect c. 352168 3476 35304 1105 85094 477147 
per grad. 2416.6 
Total cost 689689 
| per grad. Pu oZe 
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In chapter 2 ccst efficiency indicators are derived, and 
their pLlcperties analyzed. They have the mathematical forn 
equivalent tc the Laspeyres and Paasch indicators, known in 
eccnomic theory and used to determine the cost of living 
index. In chapter 3 the indicators are applied to data from 
sixty ccurses of SSC San Diego. The same data is analyzed 


using linear regression. 


The indicator for the total cost per graduate fcr all 
courses is 1.047 with tne Laspeyres and Paasch having 1.081 
and 1.014. Note taat the slicpe of the line in Fig. 2 that 
passes through the origin is 1,095 and the linear regression 
line has slcpe 0.083. All these indicate a cost increase in 
the range cf the infriation rate. Due to the similarity in 
the overall trend and the magnitude, one is tempted to 
explain the decrease in efficiency by thcse influences. 
However, by looking at the values for the subgroups cf A 
courses and C couxses or for direct-, and indirect ccst per 


graduates we see that this conciusion is net valid. 


The reader should remember that the purpese of a single 
indicator is to determine an overall trend. The fcerm of 
aggregaticn used sakes detailed conclusicns about which 


resource causes what effect difficult. 


One way tc get more detailed informaticn on the area of 
resources cr courses causing the change in efficiency is by 
separating the ccsts and using different aspects oF 
accounting, cr by grouping courses due to their features, or 


membership at locations. Examples are given in chapter 3. 
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The direct coSt per graduate for the whcle group yields 
indicatcrs reflecting a 15% to 25% decrease in efficiency 
whereas the indirect cost per graduate yields indicators 
reflecting almost no change. Applying the indicators to the 
sukgroups showS an increase of efficiency in the A schools 
and a decréasé in the C schools. Thus attention should be 
directed to these groups to find out the reasons tc make 


further decisions. 


AS a summary we can say that the derived indicators are 
able: 

= jufe monitor the efficiency On the tia biG 

Gaetatlishment, and to do this at different levels of 

acccunting or grouping. 


Thus they are usable for the purposes of CNET. 
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APPENDIX A 


DETAILED DATA ANALYSIS 


In this appendix the reader can find the detailed 
listings of the data taken from the ccst report (2,3 =, the 
scatter diagrams plotting the corresponding cost per 
graduate cf period 74 versa period 75, the comrputed 
indicators derived in chapter 2, the parameters determined 
by apfplying simple linear regression, and the correspcnding 
confidence intervals and F vaiues. The sequence of 


listings, flcts, and data are: 


Gtal ccst per graduate 
listing cf ail sixty courses, 
plot cf these data pairs, 
listing of thirteen A scuhools, 
pict of these data pairs, 
Mrsting cf forty C schools, 
plot of these data pairs, 


computed values. 


Tw) 
Ihe 
Ir 
Im 
WO 
iet 
In 


cst per graduate 
listing cf all sixty courses, 
plot cf these data pairs, 
listing cf thirteen A schools, 
plot cf these data pairs, 
meseang cf forty C schools, 
plet of these data pairs, 


computed values. 
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plot of 


St per graduate 

of all sixty courses, 
these data pairs, 

of thirteen A schools, 
these data pairs, 
GEeEQOEty=G Schools, 
these data pairs, 


computed values. 
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PGrals CGS) PER GRADUATE 


PLL CCLRSES 

THE ARITHMETIC MEAN CF THE INDICATORS IS = 16167 

BMENWASFEYRES INCICATOR IS =1-¢081. THE PAASH INDICATOR IS = 16014 
BeR THE MCDEL C(T)=C(T-1)%8 THE ESTIMATE FOR B = 12095 

MAeTHE MODEL C(7)=A+C(T-1)%8 THE EST. A = 526648 FOR @ = 1.093 
BENFICENCE INTERVAL FOR A 1510812 2eeee80s 

GENFICENCE INTERVAL FGR B 1.016 1.150 

Mee FVALUE = 2.717 THE TABLE VALUE = 2.390 

THE HYFCTRESIS IS A = Oy 8=1, BCTH AT LEVEL 102 


meecCHCCLS 

THE ARITEMETIC MEAN GF THE INDICATORS IS = 06546 

Mme LASFEYRES INCICATOR IS =90.882 THE PAASH INDICATCR IS = 0.860 
Meee MCCEL C(t )=C(T-1)*8 THE ESTIMATE FCR 8 = 02893 

FOR TFE MODEL C(T)=A4C(7-1)*B THE EST. A =4242250 FOR B&B = Y.717 
BeNFICENCE ITATERVAL FOR A -152.849 1001.42z0 

MeNFICENCE INTERVAL FCR B 0-463 0.5970 

Mee FVALUE = 2.615 Tre TABLE VALUE = 2.869 

Mme EYFCTRESIS IS A = Q, B=1l, BOTH AT LEVEL 102 


BeSCHCCLS 

THE ARITHMETIC MEAN OF THE INDICATORS IS = 1.241 

TEE LASFEYRES INCICATOR IS =16405 THE PAASH INDICATOR I$ = 12250 
FCR THE MOCEL C{T)=C(T-1)#8 THE ESTIMATE FOR B = lelll 

FOR TE MODEL C(T)=A+C(T-1)48 THE EST. A =3252722 FOR 2 = 1.003 
CCNFICENCE INTERVAL FOR A 22 5e\6 618.505 

CCNFICENCE INTERVAL FOR 8B 0.879 27 

TFE FVALUE = 4.€4£ ThE TABLE VALUE = 2.440 

TEE HYFOTHESIS IS A = 0, B=L; BOTH AT LEVEL 102 


41 





CIRECT COST PER GRACUATE 


X( 74) C(75) X{ 75) 1(74%,75) 


C(74 ) 


EVPeE 


BEURSE NAME 


(SR COW DO QIN AIG G CUCU EVD OD IONE D AAI AD UOT YUIMIAIM AIL MOW ADM SRT DPD MAOWIAICOP LINO WUIAI Our 
WE DOCH SOO AI OUP OOD AD TOAD Re ADDN VMSA OD OE OO ANS FEV OLN DVR OM INN TAIN AUIS OST ae tO 
eee0aeseeeseeqge@#eeteeeeneedskreeseee#eeerteetrketetee*@eteertesegeeste#e#eene#ee07osdseetetrteegeese @ 
HAOOMAHHAO AMAHAOAD AMA t[ AAO AHADON HAN AVOV AO AMANNAN AOR AMANO AVN HAMA AMAIMAAOWON 


CD FOTM KON MAN MUO FF) OP HIANh- 0 DOM MN OO TWUDOMNYVNA MOQOWONNOAGAOr A COONOQOWUNOQICOEOO 
AIS FAI AO DMIN COP HAQING 61D COP MED DOOISF AOD NUDAIMMMONDWOMTANMNSTFAMD OM ONOPNAMOANAaDO 
@e@eeeee8s8#aeeqee@#eee8#ese@e8ckeeekeee@eee7en1eteeeest#eeeeeeerteestrtnweet 8@eeeseeeoeee#ertee_eeeee 
MMA OTOMNOO Tt FODSTNOMNHAHADNANTEH QONOAREENTNHATAMNVDVORAMNOCIST EE DOr NTANINEOI 
ND DUN OUST ONE COMP OD NUNORD Ot OMNM OF INGOT AIN NON Attn OE NO Ot eh a ee 
OO Sf Deter OO MMA aA WY ST atc Aa N NI Oe NM oO 
IN + NI oom Oo 


MONWM NOOO AAMm MOTTO TOM OMNMNNONN LTO TADODMNMONVNOTNE VOT THHOQONODNOVSTQOO0OAOMNO 
NOON O DW 0OMATOAD SPTAIMDNAIDR- AE DON OAT FANAOAMNE NM OT OMUOMOFOMAR OL DOF-QOaTIANO 
e@eetecieee04##ee¢de#e7s1#e#egegtk#etst e@eevt—ese@teee#7en*se7eteeteeepgene*eeeee#eeq@teeeee8ee?eeee e 
AMINO HWOST FNOOKNANOTADNUE WHAM ALO FADE OVUMOST ON MAQNTNTOOWOOUM UNTO 
MOO BHOMMDAIMDO DOT OMAN OOYD SF DONA MO MOD BDL AD O DW OD TDN OM KHNAROMDO ONO OO WO 
PN ae cei ace te ih a a A ei a Nia uae a SION ga a aA | 
ONAN we arto en4 ro == om) Oe = 


TMNOO SLAM TE ME OM HAD FHNODDOOADAUNAONAVHONWONMNA FORDOMNNAVORMM HAVOOM*OQOo-sTO 
COMO NATO NKNOMNON ADOT ANN NON DPOMNDMNOMNDDOODAMNOUNATRNVAUIDWOUNNOOsr TO 
@ee0eeee¢ee#*808eeege7e#@eeeetrt 8tene1eee7ee#seeets@eeenerteeerteeewoeeekeeeteeeeeee0ees @@ee 6 e@ &@ @ Ce 
COS TH OFT OF OM OP NUM OMMOT DODO OWMNODOD FOOT OMNODSTMADQDOODSTONONOONO RAO TOR OW 
CN MOF AO DW OINGAdOYUACOM ONHMAOQAMIAINAINOMAOMMNODOO+TOR- NUNONO RASH NMR KHANMNODMAMOD 
OO oH NAAIEM Heagnnto CO DW OetPODW eteanerstt uy et OO wt NAL NN 
rt os uw ~ 


PP ALN AON EO OIN UI OM OMNDOMOVNOANUOAIO VAIO ODOINVUM FiInNnstattOHONWTQnvorORnNnownmn 
PHU OD ADT FO FINO VO OD SP HEP QUOWAAQN DR WOM ID WI OANA) DE F DONNOM VND THMADIN 
eee teteteePeV4aetetReerteoveteoerteeoeeeeegetrteeseeeaet*teeaoaeeegereeeeeeeet © @@e@8e8e#eteert oe @ 
Fema QI IO ONE ON 0 et GION QUID oT RAP RE PER WAIL ONO UE DIT DT IVOM WOO FONG TO OU Owe 
Dl VOW CAM & WOOD OTAMA QUAM HO OMNMO AO FOOM AaAAtOMOD Ast AQIN Ct OOD WATE 0 OA (08) 
DOI OH Maw Qo DWOWDOFM KNDWOWM VON OstQlaAOingys mysyarr Orta MaNOn\Ndta4etaet aetstNet AN eit 
MOA ete x ad te 


AOMOOVAMLOUOY DVUOVU 4B OO DOVU0 LOAD DAOAAAL AUD OU DAVVUOVUUOOOVOOUYVOOVUOUMOY 


Oo YOM uw Va) N = Vata @ Y) Ort <Ow CC 
a. ZNAO Qa. /) <I 1 Oo zy? tek UNO Ko Oe KRY) 
© OO soci WJ et Nddbke 242 OO WO -— J dt ay) aMaYyY YA MOouwkr>a2wmOr> <4 
OO@% UQMTtU ti of«< os > Se = i OS De ee | Oa Go a oo l= ad Oe ag ee ee a © dO 
O We weaiwer WM w LY ty UWYw ww fF f se a ee Oe eee tr tJ 
a WZ2ZZ WwW) Ate YvrEk ar. wn wn N BO AWW OUWCOMe Swd KYOWSYOW 2. HAA AZYIOUW 
eo aA ~- O-> 1~aQa >} UO OW —) WWOYMa !| tes> oma NO OD eK YD 
VF MRQOaAwWreRODTFE AYWORaAWAIAWHNOZMAMAaAdAa ada WHA Ar PRYOR O £ Ok MOO Wie le 
We J list orivaiktind woliittl ta fied l § mo Re iwik Bziiwt oom | 1 Jf ww } 


WOSUOWW2re ews OOM IW 2OUB8 ROL YSZ YO YU ZHI. OOS oe TOD OOTZVUVAZVGZALAYY~WwWVUG 
QS Of ES EMI 6 oo oe I 2 Dt OW 0) VI LI SE IAWI ZT AON et IS VII OY YY) 


42 





Meest/Grad(1975) 


6600 __ 
| O 
| 
pe 
| Oe ee 22 11017, 
| 
500] _ 
| 
: 
Z C( 75%54341. 26C( 74) 
| 
uuUOO! _ ~ 
| 
| 
i 
| 
| 
O00] _ O 
| =~ 
| 
lies 
| O 
| 
2200/ __ O 
| 
| O00.) 
S&S 
| 
| 0 O00fY O 
moO! OO e 
| 0 ¥ 
ey fs) 
| og @® o 
| aaaggvoo 
| ago 
nnn een |e en et tt Lt LLL CL} LL __! 
0 IE ILIO NG) 2200 3300 YHOO 320 0 6600 


$Cost/Grad(1974) 
Direct Cost per Graduate 1974 vs 1975 


non wcdielinsi xty Courses 


4 3 





X(74) Cys) AU TES) | DN ate} 


) 


C(74 


TYPE 


MeuRSE NAME 


IN AEDS OF t= OD OOUTIIH Ale 
WNHCIWOONIH QO Oa 
@e@e*eee#eeeteteeree e 
QNOHAVQEAAOOI Ada 


WPOWNMMOOTOWUWN 
OAM OM FOO UWQWONT 
@ee7e#e6eo&eq@8@ee#ee@e? 4&4 
OTWMONVO MYO STO 
TOOMOOrNOAIr Aw 
DOO@wWwMtr eM ran 
(Net et 


CO <P OLA QIN OO PR —100 (Of 
WO AMD OO AIT ON ALO 
@eeee @ Hee 6 @e 
ODT A OM NODAME A 
AFNOTMMBAOKVNOM 
OOD NN DSF CONCH OHS 


ODO FAK ANNOF-NO +S 
AON AAINGNO OW —O 
@ee#eeeeee@#88@e8e@e 
OP MMOD IND $M FF ORAO 
DAM MOMVINM|MHADOO+O 
NIDSTOMOO SOD HAIN 
= _ 


FUN OMOQOON OU OUT 
DUITDOM AUD AAIDWEuU 
eeeee0aeVneen1*#e?efe @ 
U6) NU 4 0) OU Pm [ F COL OF OU 
NOWONDOMOes~ TO 
COP” DIN VW OHDE MART OA 


adaaqdqadagd<aad 


a. YO adw 

) v) 
aqaaadgqaqqaaqad 
1rrtrr1t tpretetetet 
A~OCH- Zar ZzreyYvoss= 
Mee CWO >vvr.ucs 











4h 





6Cost/Grad(1975) 


200 _ 
| 
| 
ie, 
| 
| 
pooo| 
| C75) =1 14737 4) 
| Oo 
@ 
| 
| 
Soo { 
| , 
| O Mey 5 )=1 oo 6 (74) 
| _ 
| O 
| O 
600|__ 
| 
| & © 
ie 
| 
| O 
4OO|__ O 
| O O 
| 
be. ° O 
| O 
| 
A00| 
| 
| 
| 
| 
| a ee ee (| 
0 200 400 600 8900 Ib O68, ee 8 
$Cost/Grad(1974) 


Direct Cost per Graduate 1974 vs 1975 


ele A elavere) ps 


45 





CVT) X(75) 1074, 75) 


X(74) 


C(74 ) 


Pye 


CCLRSE NAME 


P= NWO AIO DN OMAHA AID HN APY ODD 1 et HUY HCI IAL CE WN COLD GY 
MOM SEY NOME TE AOA OT SP UDID OAMOUIVOYLT OULD SIUVLAIN OOTP RMON 
®eoeeeoeeeet®eeGeteevFeoeeeoee eee e ee@@eexeoee 8 @ © @ @ 
Oats HastOstast HAHAH HONANOMN ANNO AS SHH SAS Ht HAO aHHOON! 


COCPTM CHIN DUNO DIFP QO MNODNUVS MOODO NO AOPMr-Aar-OONNOOWOWUDOO 

FTND ADINMIHNVNOMFODO NA MOOMNANN TOON ONOrMNOMVAOO 

®eeeeeeeeveesetGeteoeoeeeeeee®et#eG®esveeveeeea®ee ees @ @ 

MmMOPOOSPSTOOTAANSR IA FOND DOHINN SHY DWOP-tN SHAras 

OLA MUA OM ANNO AAMT AN SS Se Patines i 
ae aru COM) 4 uw NS CO = ol) 


LDUVNOAMMOOTWSTPOMNNOMNTNOTNOSFTTHOQWNONVOSTOOWUAMSO 
OW OF ALPOABD STONUAID IA DALTON SF OLIN OSTFOMOGHOMNMOF OOFTNO 
®eGReeoeese0ne<«esteeepe @Geethteoeeee#e#eegceese#ee#e#eee#esee8 @teee#e#teete e® 
MUN OT NOIOQHAHNODNDNN Ka SOODT VAM MAAN TFWOONnNOOMM NSO 
CO OO NODHAOQDOMHAAIO DOCOMO A+ DAM MND HOAMDAONAOP 0190 Or 
UN CAD HOO OAODMAMOSF MAN PTOI MEANT NAAN AAO SOO Mt co 
NNR Heat atet -t MHrte4 


DOATOALT HOMO ADNBDODOVD AUN NOMIWAQNWDOAFNnNAVOINDHAIOTS 
CO DOIN NAW tN OO THNOME EE NO QVOAN VTE WOONNDOWMUNAOTO 
eeeeeeeteeaesew#eeVeeoeestseeeweenwnteeeeeenpseeent teesee @ 6 @ 
FEO TOMO VAUOAMNE TOO DOIWASFOADVOD TU ONIDDINNDADTODOW 
ATFAODVUNODANOOAHOINOGWN AQININDO PRT INU: Dea NUN OO CAO 
st NTO WOO UP wt rt ast NN QIN 
od 


PARANA M HO DIN DM UW INAW AION OLN OO FHteefe VWOQWUWTMODOOTONANWE 
Doers Ore 0 BSF OTMOANDEOVUAMOT DOWN OPM ONO fFHAMmOw 
®eeevtrvreenstreeeeeeseeeeeeteeeeeeeeseeeteeweteeneetrteee 8 @ 
rt DIN DD UVMVD ose CUNT retire thm DEE M TINQUIOMTNOS Orme uthirm vot 
MOD CMM OWPR T AICI HONGO AAAOCU OK aAANM SHAWNA OOo Mme) 
CATO OQOVDDOKANWDNONAN AMODAU COQUMNAN teeter Net ajdt 
Nester | HH 


UOUVOVOVOOIVOVUOI VO OVYIVIOO VO VO VOIVIVOIVIOVOVUVOY 


oO IO ww) N > YIM ie _) Zr cw 

oO. NIW aw a 19 ZY) Wut YWWwUrKOM Fer LUUIYe 

GO FOwW.Y QO etch sz OFFO AY) WO YO COOW KS LCOrIi YH aD 

QaQAOWLW Ww AiF2a 2M scUSsmuuines 1 1 ZO OO SU > 
COwewwseauvirodk wV LL) p— { AQ) Ie Live oti) ic) 
A227 OF SVM LYY) NEMO eS Zad YIM) JAA CO 
oo. - O- CAr- UNIUECEOY! Yr~ “wet “MO DD & 
QOQ0OrFOF QWOWRYVIOSH WO RrPY RYO O ECR AOGOL iL 
mi aytinyik-y Ir | it - h—'- Y) 1 bt (IW! wel Iiwi 


OUWW2 WSsOY~OW SOYA G OOS! LOL THeOSVVUSZTASMtUNS 
Zt SEBO EMCO A Se MOIR OD ZOO EZ COU et tS SWI LILY? 


46 





— = 


Mrost/Grad(1975) 


3600 __ 
| 
| O | 
| _ ; 
| Gero) = 1. Se G74) 
| y 
BOO0O| _ 
| 
| 
| _ 
| 
| O 
2400[__ 
| fe) 
: 
ia Cos =— lor, O176¢ 74) 
| ele, 
mSB00| _ O 
| 
| 
| _ 
| 
| O e 
m200|__ O 
| O O 
| Bo 
ie O 
| 
| O 
600|__ O O 
| 
| O 
| _@9 % 
| ome 
| Oe | nn en | (| 
0 600 212.06 1800 2400 3000 Sile)0)10: 


£Cost/Crad (197) 
Direct Cost per Graduate 1974 vs 1975 


TOC SoCMOO 1S 


47 





DIRECT CCST SER GRACUATE 


ALL CCLRSES 

TEE ARITHMETIC MEAN OF THE INDICATORS IS eae 

THE LASFEYRES INCICATGR IS =1.303 THE PAASH INCICATOR IS = 1014€ 
FOR TEE MODEL C(T)=C(T-1)*8 THE ESTIMATE FCR B = 1.274 

FOR THE MCCEL C(T)=A+C (T-1)*6 THE ESTs A = 1301€1 FOR B = 1.265 
 CCONFICENCE INTERVAL FOR A -114.059 140.281 

CCNFICENCE INTERVAL FOR B Wal sid Baise 

THE FVALUE =1C.62S TRE TABLE VALUE = 2.390 

TRE FYFOTHESIS IS A = Gy B=1l, 3CTH AT LEVEL 1OZ 


eeesCHMOCLS 
Meee PRITPMETIC MEAN SF THE INDICATGRS 18S = 1.0&€ 
TRE LASFEYRES INCICATOR IS =02994 PReweeesm INCICATOR IS = Je9 
Bermeepre MODEL C(T)J=C(T-1I*B THE ESTIMATE FOR B = 1.907 
meret re MCDEL C{(T)=A4+C(7T-1)*8 THE EST. A =1142545 FGR 8B = 0.2897 
CCNFICENCE INTERVAL FOR A =33 017 2624/06 
MeNFIEENCE INTERVAL FOR B&B 0.520 L.QE5 
Mee FVALUE = CoS72 TRE TABLE VALUE = 2.860 
Mime FYFOTHESIS IS A = Cy B=1, BCTH AT LEVEL 102 


tw) 
N 


C SCHCCLS 

TRE ARITHMETIC MEAN OF THEE INDICATORS IS = 1.475 

| THE LASFEYRES INCICATOR IS =12725 THE PAASH INDICATOR IS = 14458 
FOR TEE MCDEL C(T)=C(T-1)%8 THE ESTIMATE FOR B = 16155 

FOR TEE MCOEL C(T)=AtC (T-1)*B8 THE ESTe A =176622S5 FOR B = 12017 


MeCONFICENCE IATERVAL FOR A 152/55 3362/02 


CONFICENCE INTERVAL FOR 8 0.824 1.200 
TRE FVALUE = 2.648 THE TABLE VALUE = 2.2440 
Mee FYPCTHES!TS I$ A = Ce B=ly BCTH AT LEVEL 102 
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PFRETRECT CES? PER GRADUATE 


mee COURSES 

MememARLTEMETIC MEAN OF TRE INDICATORS 1S = 1.051 

MRE LASPEYRES INCICATOR [S =1.004 THE PAASH INCICATCR ITS = 0.968 
Sumer re MCCEL C(TI=C(T-1)78 THE ESTIMATE FOR 8B = Q.995 

aiemetre MECEL C(7T)=At+C (T-1)*6 THE ESTs A =115.882 FOR @& = 9.956 
CONFICENCE INTERVAL FOR A Oe 227 23146427 

meee roe NCE INTERVAL FCF B 0.503 1.010 

TRE FVALUE = 1.422 THE TABLE VALLE = 2.4390 

Mimeewecires!S [S$ A = Cy B=ly BOTH AT LEVEL 10% 


Be SsCFCGLS 

Meee rPRLIFMETIC MEAN GF TRE INDICATQRS IS = 0.908 

TRE LASPEYRES INCICATOR [TS =0.284S5 Le Poste tNE LOCATOR [S = 0.825 
Bereet MCCEL C(T)=C(T-1)78 THE ESTIMATE FOR B = C.860 


FOR TRE MCDEL C(T)=A4+C(T-1)*8 THE EST. A =264.595S FOR B = 0.717 
CCNFICENCE INTERVAL FOR A =15 2.433 122e62¢ 
SemrLOeENCe INTERVAL FCR 2B 02455 Quen (9 


THE FVALLE = 46.S1€ THE TABLE VALUE = 2.2860 
Meee YrFCTFESIS IS A = Q, B=1, SOTH AT LEVEL 102 


msc rCCLS 

Seer ce NETIC MEAN GF TRE INDICATCR8S 158 = 1-155 

mre LASPEYRES iNCICATGR IS =1.25€ THE PAASH TACICATIR [S$ = 1.2152 
meeeree MCCEL C(t )=C(T-1)48 THE ESTIMATE FOR B = 14055 

Mom The MCDEL C(T)=A+C(T-1)*B THE EST. A =199.47E€ FOR B = 0.951 
CCNFICENCE INTERVAL FOR A 24e/1€ 2740 c5€ 

CCNFICENCE INTERVAL FCF B 0.838 1.064 

THE FVALUE = 2e&10 TRE TABLE VALUE = 23440 

TRE FYFCTFESIS IS A = Q, B=l; BOTH AT LEVEL 102 
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